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AbstractAbstractAbstractAbstractAbstract

AIM: To study the genetic alterations and their association

with clinicopathological characteristics of hepatocellular

carcinoma (HCC), and to find the tumor related DNA
fragments.

METHODS: DNA isolated from tumors and corresponding
noncancerous liver tissues of 56 HCC patients was

amplified by random amplified polymorphic DNA (RAPD)

with 10 random 10-mer arbitrary primers. The RAPD
bands showing obvious differences in tumor tissue DNA

corresponding to that of normal tissue were separated,

purified, cloned and sequenced. DNA sequences were
analyzed and compared with GenBank data.

RESULTS: A total of 56 cases of HCC were demonstrated
to have genetic alterations, which were detected by at

least one primer. The detestability of genetic alterations

ranged from 20% to 70% in each case, and 17.9% to
50% in each primer. Serum HBV infection, tumor size,

histological grade, tumor capsule, as well as tumor

intrahepatic metastasis, might be correlated with genetic
alterations on certain primers. A band with a higher intensity

of 480 bp or so amplified fragments in tumor DNA relative

to normal DNA could be seen in 27 of 56 tumor samples
using primer 4. Sequence analysis of these fragments

showed 91% homology with Homo sapiens double

homeobox protein DUX10 gene.

CONCLUSION: Genetic alterations are a frequent event

in HCC, and tumor related DNA fragments have been found
in this study, which may be associated with hepatocarcin-

ogenesis. RAPD is an effective method for the identification

and analysis of genetic alterations in HCC, and may provide
new information for further evaluating the molecular

mechanism of hepatocarcinogenesis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
cancers worldwide and a leading cause of death in many
countries, mainly in Asia and Africa[1]. It is commonly
associated with chronic hepatitis B virus (HBV) and hepatitis
C virus (HCV) infections, with chronic exposure to mycotoxin,
aflatoxin B1 (AFB1), and is a complication of alcoholic
cirrhosis[2]. The development of HCC is a multistep process
associated with multiple genetic alterations, including the
genetic alteration of cancer cells[3,4]. In the past several years,
many molecular genetic studies have been extensively
performed to clarify the molecular events related with initiation,
development and progression of human cancers[4-7]. Like
other cancers, a variety of genetic changes have frequently
been found in HCC[8-13], including p53 mutations[1,14], loss
of  heterozygosity (LOH) on chromosome arms 1p, 4q, 5q,
6q, 8p, 10q, 11p, 16p, 16q, 22q[7-12]. Microsatellite instability
has also been recognized in some HCCs[12,15-17]. However,
no information on genetic alterations in the entire genome
of HCC is available.

The random amplified polymorphic DNA (RAPD) method
is a DNA fingerprinting technique based on polymerase
chain reaction (PCR) amplification of random fragments
of genomic DNA with single short primers of arbitrary
nucleotide sequences[18]. Unlike the microsatellite instability
analysis which can only detect specific microsatellite loci, the
RAPD method can simply and rapidly detect genetic alterations
in the entire genome without knowledge of specific DNA
sequence information[19]. The RAPD method is a powerful
tool for population and pedigree analysis, phylogenetic studies,
and bacterial strain identification[20]. Recently, the RAPD
method was used as a means for identifying the genetic
alterations in human tumors and revealed that genetic



alterations occurred frequently in lung cancer[21], squamous
cell carcinoma of the head and neck[22], brain tumor[23],
ovarian cancer[24], breast cancer[25], or human aberrant crypt
foci and colon cancer[26]. In the present study, genetic
alterations in HCC were investigated using RAPD in order
to determine the relationship between the frequency of
genetic alterations and the clinicopathological characteristics
of HCC, and to find the tumor related DNA fragments.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Patients and samples
Fifty-six liver cancer tissues were obtained from surgically
resected samples in Eastern Hepatobiliary Surgery Hospital,
Second Military Medical University. All patients did not
receive any prior treatment. All specimens were confirmed
with histopathological examination. This study included
43 men and 13 women. The age ranged from 29 years to
78 years. Thirty-five of fifty-six patients had serum AFP

 20 µg/L. There were 39 cases with positive HBsAg. Twelve
cases had small ( 3 cm) and 44 were advanced (>3 cm)
HCCs. Tumor differentiation was graded according to
WHO criteria (2000). Twenty HCCs were well differentiated,
28 were moderately differentiated and 8 were poorly
differentiated. Of the 56 patients, 45 had evidence of
intrahepatic metastasis (portal vein invision and/or
intrahepatic dissemination). Forty-seven HCCs were detected
accompanied with liver cirrhosis.

DNA extraction
Fresh samples were obtained, immediately frozen in liquid
nitrogen and stored at -70  until analysis. A microdissection
technique with a cryostat was used to separate tumor cells
from corresponding noncancerous liver tissues. Genomic
DNA was extracted from carcinoma tissues and corresponding
noncancerous liver tissues using the standard phenol/
chloroform extraction and ethanol precipitation method[24].
The concentration of  DNA was determined with both
spectrophotometric and fluorometric methods.

RAPD analysis
For RAPD analysis, 10 arbitrary 10-mer primers were used.
These primers were designed, referred to sequences reported
previously[19-25] and synthesized commercially. The sequences
of these primers were:

P1, 5’-CCGGCTACGG-3’;
P2, 5’-CAGGCCCTTC-3’;
P3, 5’-TACGGACACG-3’;
P4, 5’-AGCTTCAGGG-3’;
P5, 5’-AGGCATTCCC-3’;
P6, 5’-GGTCTGAACC-3’;
P7, 5’-TAGGCTCACG-3’;
P8, 5’-ACGGTACACT-3’;
P9, 5’-GTCCTCAACG-3’;
P10, 5’-CTTCACCCGA-3’
In a total volume of 25 µL, 50 ng of genomic DNA

extracted from carcinoma tissues or corresponding noncan-
cerous liver tissues was amplified in 10 mmol/L Tris-HCl
(pH 8.3), 1.5 mmol/L MgCl2, 200 µmol/L each of dNTP,
0.4 µmol/L of each arbitrary primer, and 1.0 units of

AmpliTaq Gold DNA polymerase (Perkin-Elmer, Norwalk,
CT). Forty cycles of  denaturation (at 94  for 30 s), annealing
(at 36-40  for 1 min), and extension (at 72  for 2 min)
were carried out in a DNA thermocycler (Biometr). Five
microliters of the PCR products mixed with loading buffer
was loaded in 1.5% agarose gels and electrophoresed with
100 V for 1 h. The gels were stained with ethidium bromide
(0.5 mg/mL) and visualized under UV light.

Loss or gain of band(s) and clearly detectable changes in
intensity were scored. Scoring was done by two independent
observers. A change of  band intensities was defined as an
increase or decrease of the signal intensity by 50% in the
tumor DNA compared to normal DNA by gray scanning
with an EDAS290 digital camera system (Kodak) and image
analysis with the PDQuest 6.2 software (Bio-Rad).

Cloning and sequencing of RAPD-PCR amplified products
The amplified 480 bp or so fragments from HCC DNA
using the primer P4 were excised from the agarose gel and
purified. The purified DNAs were reamplified with the
primer P4 using the same concentration of reaction mixture
constituents and the PCR cycle conditions as described
above. The PCR products were analyzed on agarose gels to
confirm their size and purity. The reamplified 480 bp DNA
fragments were cloned using the TA cloning kit (Invitrogen,
Carlsbad, CA, USA) following the protocol provided by the
manufacturer. Restriction analysis of the recombinant
plasmid DNA prepared by the alkaline lysis purification
method was carried out to determine the appropriate insert
size[27-29]. The pure clone amplified DNA insert was
sequenced with an automated DNA sequencer through the
MegaBACE-500 capillary array electrophoresis instrument
in our department. Sequences obtained from our clones
were compared with the known sequences in the GenBank
database using the BLASTn and BLASTx programs.

Statistical analysis
The relationship between the frequency of genetic alterations
and clinicopathological features was assessed by using the
χ2 test, P<0.05 was considered statistically significant.

RESULRESULRESULRESULRESULTSTSTSTSTS

Genetic alterations in HCC
We examined 56 HCC tissues and corresponding noncancerous
liver tissues using the RAPD method to detect the genetic
alterations in HCC. Our results indicated that RAPD-PCR
was an effective tool for identifying genetic alterations in
cancer tissues. All the cases of HCC were demonstrated to
have genetic alterations in at least one of ten primers. The
incidence of genetic alterations ranged from 20% to 70%
in each case, and 17.9% (15/56) to 50% (28/56) in each
primer. The primer with the highest frequency of genetic
alteration was P4. Genetic alterations were identified as band
loss, gain, intensity change and shift in the tumor DNA lane
as compared to the paired normal DNA lane (Figure 1A).

Correlation with clinicopathological characteristics
The correlation between the frequency of genetic alterations
and clinicopathological features in HCC is shown in Table 1.
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No significant correlation was observed between the genetic
alterations and serum AFP concentration, HBV infection,
tumor size, cirrhosis, histological grade, tumor capsule, as
well as tumor intrahepatic metastasis. As to the primers, the
frequencies of genetic alterations on primer P1, P4, P8
and P10 were significantly higher in patients with positive
HBsAg than in those with negative HBsAg (P<0.01). Genetic
alterations on P3 were more frequent in tumors less than
3 cm in size (P<0.05 or P<0.01). Genetic alterations on P1
and P4 were more frequent in poorly or moderately
differentiated tumors than in well-differentiated tumors
(P<0.01 and P<0.05), but genetic alterations on P3 were

more frequent in well-differentiated tumors than in poorly
or moderately differentiated tumors (P<0.05). Genetic
alterations on P3 were significantly higher in patients without
intact tumor capsules than in those with intact capsules
(P<0.01). Genetic alterations on P4 were more frequently
detected in tumors with intrahepatic metastasis than in those
without. Similarly, genetic alterations on P3 were significantly
lower in patients with intrahepatic metastasis than in those
without (P<0.01).

Cloning and sequencing of amplified differential fragments
from P4, sequence homology search
The amplified 480 bp fragments from HCC DNA using
the primer P4 were separated on the agarose gels, excised,
eluted, and reamplified with the same primer (Figure 1B).
After analysis of the PCR products on an agarose gel to
confirm their size and purity, these amplified DNA products
were cloned using the TA cloning kit. After confirmation
of positively cloned DNA by hybridization with the purified
RAPD-amplified fragments, sequences were obtained from
several clones and compared with known sequences in
GenBank. Figure 2 shows the electropherograms from
sequencing with amplified 476 bp fragments using P4
primer. The followings were the nucleotide sequences of
the fragments: TCCCCGCGATGGCCCTCCTGACAGCT-
TCGGACAGCACCCACCCTGCAGAAGCACATTAAC-
AGGAATGACGAAGGAGACTCCTTTGGAACC-
CGAGCCAAAGCGAGGCCCTGAGAGCCTGCT-
TTGAGCAAACCCATAGCCGGGTATCGCCACAAGAG-
AATGGCTGGCCCAGGCCATCGGCATTCCAG-
AACCCAGGGTCCAGATTTGGTTTCAGAATGAGA-
GGTCACGCCAGCTGAGGCAGCACCGGCGGGA-
ATCTCGCCCTGGCCTGGGAGACGCGGCCAGCAA-
GAAGGCAGGTGAAAGTGGACCGCCGTCACCAGATCC-
CAGACCGCCCTGCTCCTCCGAGCCTTTGAGAA-

Table 1  Correlation between clinicopathological features and genetic alterations in hepatocellular carcinoma

Clinicopathological features No. P1 P2  P3 P4 P5 P6 P7 P8 P9             P10

Sex M 43 14 14   7 20 19   9 18 10 10 22
F 13   3   5   3   7   3   6   5   4   3   7

Age (yr) <50 24   6 12   6 11   8   7   9   8   5 14
50 32 11   7   4 16 14   8 14   6   8 15

Serum AFP <20 21   3   6   5   9   5   7   9   9   6   8
level (µg/L) 20 35 14 13   5 18 17   8 14   5   7 21
HBsAg Positive 39 17 12   8 24 16 10 13 13   8 27

Negative 17   0b   7   2   3a   6   5 10   1a   5   2b

Tumor 3 12   3   3   7   4   5   2   6   3   3   7
size (cm) >3 44 14 16   3a 23 17 13 17 11 10 22
Histological Well 20   0   4   7   5   8   5 10   7   3 13
grade Moderately 28 12b 12   2 17a 12   8 10   5   8 13

Poorly   8   5b   3   1   5a   2   2   3   2   2   3
Liver Absent   9   2   3   3   3   4   3   5   1   3   4
cirrhosis present 47 15 16   7 24 18 12 18 13 10 25
Tumor Absent 11   5   3   0   6   5   2   5   1   2   4
capsule Not intact 31   9 13   4a 16 10 11 13 10   7 17

Intact 14   3   3   6a   5   7   2   5   3   4   8
Intrahepatic Not 11   3   5   7   2   5   2   5   3   5   7
metastasis observed

Observed 45 14 14   3b 25a 17 13 18 11   8 22
Total [n (%)] 56        17 (30.4) 19 (33.9)  10 (17.9) 27 (48.2)  22 (39.3) 15 (26.8) 23 (41.1)   14 (25)   13 (23.2)  28 (50)

aP<0.05, bP<0.01, χ2 test.

Figure 1  RAPD-PCR analysis of hepatocellular carcinoma. Corresponding
noncancerous liver tissue DNA (N), and tumor DNA (T) were amplified by PCR
with obvious primers and electrophoresed in agarose gels. A: Genetic alterations
identified as band loss, gain, shift and intensity change in the tumor DNA lane as
compared to the paired normal DNA lane; B: Amplified 480 bp fragments from
HCC DNA using the primer P4, the 1.5 kb ladder was used as a marker (M).
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Figure 2  Electropherogram from sequencing with an amplified 476-bp fragment using P4 primer.
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GGATCGCTTTCCAGGCATCGCAGCCAGGA-
AG G C T G G C C AG AG AG AC G G G C C T C C C G -
G A G T C C A G G A T T C A T A T C T G T T T T C A -
G A A T C A A A G G G C C T G G C A C C C G G G A C -
AGGGTGGCAGGGCGAACACGCA.

BLAST analysis revealed that there were significant
matches of the 480 bp or so RAPD fragments with any
known gene in this database either at the DNA level or its
corresponding amino acid sequence. The tumor-specific P4
amplified 476-bp fragment sequences showed 92%
homology with homo sapiens 3 BAC RP11-413E6 (Roswell
Park Cancer Institute Human BAC Library, accession
number AC108724.4) from nt 84 643 to nt 84 168, and
with human DNA sequence clones RP11-298A19 on
chromosome 22 (accession number AL592170.21) from
nt 84717 to nt 842981, and 91% homology with homo
sapiens double homeobox protein DUX10 gene from nt
316 to nt 788 (accession number Ay044051.1), and with
homo sapien putative proteins and FSHD region gene 2
protein (HSA10-FRG2) genes (accession number
AY028079.1) from nt 118 939 to nt 119 411.

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

The RAPD method, a PCR-based method for nucleic acid
fingerprinting, was originally reported by Williams et al.[18],
and it is thought to be suitable for investigation of genetic
alterations. RAPD-PCR multiple bands amplified with arbitrary
primers could generate a complex DNA fingerprint that
can detect qualitative (structural) and quantitative (aneuploid)
genetic differences between normal and tumor cell genomes.
Mutations can affect the fingerprint by altering the distance
between the two primers, the ability of the primer to anneal,
and the relative amounts of target amplification[19]. In the
present study, we identified genetic alterations in HCC at
the level of ethidium bromide stained agarose gels. Genetic
alterations indicating distance band shift or band loss/gain
were observed. Mutations occurred at the primer-template
interaction sites resulted in the loss or gain of a band, and
mutations occurred between the primer-template interaction
sites, such as deletions or insertions, resulted in a mobility
shift of bands. However, single base situations between two
primers could not be detected by this method. In addition
to these qualitative alterations, we also observed decrease
or increase in the relative intensities of the bands in tumor
DNA compared to those in normal tissue DNA. Allelic
losses due to their linkage to suppressor genes, might result
in decrease of band intensities, and gene amplification or
chromosomal aneuploidy might result in increase of band
intensities. Furthermore, we found a significant correlation
between the instability of certain primers and HBV infection,
tumor size, cirrhosis, histological grade, tumor capsule, as
well as tumor intrahepatic metastasis at some primers. These
results suggest that the high frequency of  genetic alterations
identified by the RAPD method may be involved in the
malignant potential of HCC.

Since this method permits the direct cloning and
characterization of amplified DNA bands which represent
genetic alterations specific in HCC genome during tumor
progression, further research in this direction will find out
new genes contributing to progression in liver cancer. The

most important finding in the present study is that a band
with a higher intensity of 480 bp or so amplified fragments
in tumor DNA relative to normal DNA could be seen in
27 and 56 tumor samples using primer 4. An enhancement
of the signal intensity of amplified DNA fragments may
be related to localized overamplification of that gene locus
in the genome, or could result from changes at the
chromosome level, such as trisomy or tetrasomy. These
events could play an important role in the development of
HCC or they could occur during the clonal expansion of
genetically unstable tumor cells. Sequence analysis of the
fragments showed 92% homology with homo sapiens 3
BAC RP11-413E6 (Roswell Park Cancer Institute Human
BAC Library) complete sequence, and with human DNA
sequences from clone RP11-298A19 on chromosome 22,
complete sequence. Also the fragment sequences showed
91% homology with homo sapiens double homeobox
protein DUX10 gene, and with homo sapiens putative protein
and FSHD region gene 2 protein (HSA10-FRG2) genes.
Homeobox protein genes comprise a large and essential
family of developmental regulators that are vital for all aspects
of growth and differentiation. Although many studies have
reported their deregulated expression in cancer, few studies
have established direct functional roles for homeobox genes
in carcinogenesis[30]. Our data suggest that homeobox protein
gene family members are activated as an important pathway
in hepatocarcinogenesis.

In summary, genetic alterations are a frequent event in
HCC. Furthermore, serum AFP conce-ntration, HBV
infection, tumor size, histological grade, tumor capsule, as
well as tumor intrahepatic metastasis, may be correlated
with allelic losses with certain primers. A band with a higher
intensity of 480 bp or so amplified fragments in tumor
DNA relative to normal DNA can be seen tumor samples
and sequence analysis of the fragments can show 91%
homology with homo sapiens double homeobox protein
DUX10 gene. The RAPD method is an effective tool for
the identification and analysis of genetic alterations in HCC
tissues and it may provide some new information about the
molecular mechanism of hepatocarcinogenesis.
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